Abstract: Guava decline, caused by the interaction between the phytonematode Meloidogyne enterolobii and the fungus Fusarium solani, has caused direct and indirect losses to the whole productive chain of guava. Aiming to understand the interaction mechanisms between M. enterolobii and F. solani, this study carried out a bioassay on guava plants with roots in two different treatments: inoculated separatelyor together with the fungus and/or nematode. The nematode parasitism not triggered an systemic effect on the plant become susceptible to root rot caused by the fungus.Therefore, it was concluded that there was a local effect of parasitism by M. enterolobii on the pathogenicity of F. solani in guava roots, making it necessary for the two pathogens to occupy the same space at the same time for occurrence of guava decline.
HIGHLIGTS
• A systemic factor induced by M. enterolobii, capable of deactivating the immunity of guava plants to F. solani.
• Morpho-physiological changes locally induced in the root system of guava plants by M. enterolobii, permitting F. solani to invade and colonize the roots.
• Parasitism by the nematode alters root physiology at nearby points, canceling the resistance mechanism and making it possible for the fungus to invade root tissues.
• Tissues that are rich in gall nutrients favor colonization by the fungus and subsequent deterioration.
• Parasitism by the nematode alters the chemical composition of root exudates, which in some way allows the fungus to invade the roots.
• Guava decline only occurs in orchards infested with M. enterolobii with the associated presence of F. solani.
INTRODUCTION
In the state of Rio de Janeiro (Brazil), guava decline is the main disease that affects guava crop [1] . In this complex disease, parasitism by the phytonematode Meloidogyne enterolobii predisposes guava plants that are immune to Fusarium solani to extensive root deterioration caused by this fungus, which leads to loss in production and to death of plants in a short period of time. The synergic effect of this disease is reinforced by the results of micro plot experiments that indicate that M. enterolobii is not highly aggressive to guava when alone [2, 3] . Bioassays performed in a growth chamber using isolates of fungi from different regions of Brazil, have confirmed that guava decline is the causal agent behind the destruction of about 5,000 hectares of commercial guava. This result in huge economic impacts for producers, once the losses are estimated to reach over $ 70 million [4] . Gomes Root diseases are among the main causes of reduction in production ofcrops [5] . Thiskind of disease is less studied than those that affect the aerial part of the plants, due to the complexity of the factors involved in the pathogen-host-environment interaction [6] . In complex diseases involving soil fungi and phytonematodes, factors such as the species of fungus and nematode, inoculum level, phenological stage of the plants, resistance and/or tolerance to any pathogens living in the soil and other physical-chemical characteristics of the soil are some of the components that interact [7] . This work reports the first efforts to characterize the interaction between M. enterolobii and F. solani in guava decline. Considering that the fungus is capable of attack and causes decomposition in guavas only after they have been parasitized by M. enterolobii, this interaction may be mediated by i) a systemic factor induced by M. enterolobii, capable of deactivating the immunity of guava plants to F. solani and/or; ii) morpho-physiological changes locally induced in the root system of guava plants by M. enterolobii, permitting F. solani to invade and colonize the roots.
MATERIAL AND METHODS
The bipartite root technique was used in guava plants of the Paluma variety (susceptible to guava decline). The roots were produced from cuttings and transplanted, at the stage of four pairs of leaves, to planting plastic container filled with washed and autoclaved sand. After this, the root was divided into two halves, providing plants with two distinct root systems. Five treatments were evaluated, namely: i) the two halves of the root system were both non-inoculated; ii) one half was inoculated with 500 eggs and second-stage juveniles (J2) of M. enterolobii and the other half remained non-inoculated; iii) one half was inoculated with 5 g of wheat grains colonized with F. solani isolate UENF/CF 163 and the other half remained non-inoculated; iv) one half was inoculated with the nematode (same inoculum), and the other half was inoculated three weeks later with F. solani UENF/CF 163 (same inoculum) and v) one half was inoculated with the nematode (same inoculum), and three weeks later the same half was inoculated with F. solani UENF/CF 163 (same inoculum), and the other half remained non-inoculated. The nematode inoculum was obtained from tomato plants cultivated in the greenhouse, and applied in a suspension of 15 mL, which was mixed with sand in four points within the plastic container. The isolate of F. solani used in this experiment was pathogenic to guava plants, in the presence of the nematode, in micro plot experiments [2] and in growth chamber conditions [8] . The wheat grains colonized by the fungus were incorporated in the sand at a depth of about 10 centimeters.
These treatments were arranged in a completely randomized design, with six repetitions per treatment. During the experiment, the plants were watered when necessary and received fertilizer according to Pereira [9] . One hundred and twenty days after inoculation of the fungus the following variables were evaluated: fresh mass of the aerial part (g) and volume of the root system (total, healthy and necrotic) of each half of each plant. The volume (cm 3 ) was obtained by immersing the roots in a graduated test-tube, observing the displacement of water in the cylinder. The original data (non-transformed) from each half of the root system were submitted to ANOVA and the means were compared by Tukey test at 5%. This experiment was repeated once.
RESULTS AND DISCUSSION
No significant differences were observed in the variables weight, healthy volume, necrotic volume and total volume of the root system, and in plant height in treatments 1, 2, 3 and 4 (Table 1) . However, an increase in fungal infection was observed when M. enterolobii and F. solani were inoculated into the same root system ( Figure 1E ), revealing that disease development has a spatial and temporal dependence for exposure to both pathogens. This can be seen in treatment 5, which produced similar results to those found by Bowman & Bloom [10] and Hillocks [11] . The studies carried out by Faulkner & Skotland [12] showed that plants parasitized by nematodes positively influenced the period of incubation, as well as increasing the incidence and severity of the wilt caused by Verticillium dahliae Kleb and Prathylenchus vulnus, even when the two pathogens parasitized distinct root systems from the same plant. This apparent contradiction indicates that the nematode can have two effects that favor the fungal infection in guava plants. One effect is localized; the penetration and initial development of the fungus are reinforced by the morphophysiological alterations caused by M. enterolobii infection in guava plants, which increases the susceptibility to F. solani. The other is a systemic effect: the inhibition of the host's resistance mechanisms occurs, resulting in simultaneous development of the fungus in the tissues that were not infected by the nematode.
In micro plot experiments, Gomes et al. [2] established that the parasitism of guava plants by M. enterolobii is necessary for invasion and colonization of their roots by F. solani. Guava decline is not observed in plants that were only parasitized by M. enterolobii, nor is it seen in plants inoculated only with F. solani. In the present work, the experiment with bipartite roots, carried out twice, did not present any evidence of one systemically transferred factor that could be involved in root rot ( Figure 1 , Table 1 ).
In fact, no root deterioration took place, and there was not reduction in the root system or in development of the aerial part of the plants inoculated with F. solani in isolation or together with M. enterolobii in distinct halves of the root system of the same plant. This suggests the need of the nematode and the fungus to be physically close for guava decline to take place, independently of the mechanisms involved in this synergic interaction. Treatment 5 ( Figure 1E ) provided the spatial and temporal proximity of M. enterolobii and F. solani, which appears to have triggered the occurrence of guava decline. According to Back et al. [7] tissues from galls around the nematode are easily colonized by the fungus. This suggests that histological alterations occur in the roots infected by the nematode, making them very susceptible to subsequent fungus invasion. Based on this preliminary experiment with plants that have a bipartite root system, there is a hypothesis that at least three mechanisms, acting locally on their own or in combination, may be involved in guava decline. These mechanisms are: i) parasitism by the nematode alters root physiology at nearby points, inhibiting the resistance mechanism and making possible for the fungus to invade root tissues; ii) tissues that are rich in gall nutrients favor colonization by the fungus and subsequent deterioration; iii) parasitism by the nematode alters the chemical composition of root exudates, which in some way allows the fungus to invade the roots.
The majority of root rots caused by soil-borne pathogenic fungi depend on the pathogenicity of the inoculum for the occurrence of the disease [13] . Studies demonstrate that the mechanisms of action involved in guava decline are related to qualitative or quantitative alterations in the root exudates from plants parasitized by M. enterolobii, which provide a temporary source of nutrients, allowing the fungus to vegetate and increase its capacity to infect the guavas. Gomes et al. [8] showed that F. solani responds in the presence of these exudates with a capacity to produce a greater density of hyphae, macro-and micro-conidia and resistance structures. Thus, the greater the number of propagules in the soil, the greater will be the potential of the inoculum.
In studies by Gomes et al. [14] and Almeida et al. [15] , intense decomposition was noted in the root system of guavas parasitized by M. enterolobii in association with F. solani resident in the soil. The pathogenesis was apparently aggravated by stress factors such as excess or lack of water or drastic pruning, suggesting that there is a component of physiological imbalance involved in guava decline associated with M. enterolobii.
Total root mass was reduced (P <0.05) when the two pathogens were inoculated together in the same half of the root system, along with necrosis of about half of the root system. This strongly supports the hypothesis that when parasitism by M. enterolobii occurs, quantitative and/or qualitative changes in the root exudates allow the fungus to invade and induce decline in root system. In work by Nelson [16] , root exudates were clearly seen to trigger and modulate fungal response to the roots. According to that author, germination of F. solani f. sp. pisi chlamydospores and macro-conidia was favored in response to sugars and ethanol present in the exudates of pea roots. According to Cia & Salgado [17] damp sandy soils, with low pH, fertility and potassium content, propitiate development of Fusarium wilt. Wilt is also favored when in association with nematodes, especially from the genera Meloidogyne, Pratylenchus and Rotylenchulus; severity increases when roots are damaged and the plant is debilitated.
These results reinforce those found in a study by Gomes et al. [8] , observing quantitative and/or qualitative alterations that occur in root exudates from guava parasitized by M. enterolobii which probably activate new biochemical pathways in the fungus. These expand propagule production and increase inoculum potential, as a consequence this may reduce plant resistance locally.
Available evidence suggests that, despite its synergistic character, guava decline depends on a local factor that is not translocated in the plant. Studies to elucidate how this local interaction between pathogens should be targeted for further research is therefore an important aspect that should be considered with due concern is the continuing and devastating effect of guava decline, not existing yet management technologies economically viable.
CONCLUSIONS
No systemic effect of the parasitism by the nematode was detected that might have led to plant susceptibility to thedamage caused by the fungus. It was therefore concluded that there was a local effect of parasitism by M. enterolobii on the pathogenicity of F. solani in guava roots, making it necessary for the two pathogens to occupy the same space at the same time for guava decline to occur.
